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Increased Afterload Aggravates Infarct Expansion After Acute 
Myocardial Infarction 
_- 
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BERNADINE HEALY, MD, FACC, HARLAN F. WEISMAN, MD, FACC 
After acute transmural myocardial infarc!ion, the heart 
may undergo major remodeling characterized by thinning 
and dilation of the infarct zone and overall enlargement of 
the heart. The effect of increased left ventricular pressure 
on infarct expansion and ihe extent to which it alters 
postinfarction remodeling were studied in a rat model. Rats 
with either aortic banding or a sham operation and a 
survival period of 3 weeks were further randomized to 
sham thoracotomy or left coronary ligation. Surviving rats 
were killed 7 days later and the hearts were fixed in diastole 
for morphologic analysis. 
Hearts with aortic banding had a mean peak to peak 
gradient of 20.7 2 4.9 mm Hg across the aortic band at 
death and a significantly thicker heart than that of the 
comparison group without an aortic band. Infarct size, as a 
percent of total left ventricular mass, at the time of death 
was less in the group with aortic banding, yet Infarct 
expansion was more marked. However, when original 
infarct size was estimated taking into account the effects of 
aortic banding, scar formation, infarct expansion and 
infarct-induced hypertrophy, it was found to be similar in 
both infarct groups (45.50 k 4.2 versus 47.90 f 3.1%). 
Infarct expansion, as measured by cavity dilation and 
infarct thinning, uccurred in both infarct groups but was 
greater in the group with aortic banding. Cavity volume 
was 121.35 i 17.3 mm’ in the infarct group and 150.72 f 
18.6 mm5 in the aortic band/infarct group (p = 0.05) 
compared with 64.33 t 8.89 mm3 in the sham rats and 
65.24 I 5.54 mm’ in the rats with aortic banding aIone. 
Infarcts were also thinner in the rats with an aortic band 
compared with those without a band (1.09 f 0.G; versus 
1.37 * 0.09 mm, p = 0.02) and these wall dimensions were 
signilkautiy thinner than comparable regions in either 
control group (2.25 z!z 0.10 and 2.61 f 0.12 mm). 
Thus, chronic increases in afterload caused by sortie 
banding, suficient to produce left ventricular hypertrophy, 
were associated with i~reased infarct expansion, suggest- 
ing that intraventricular cavity pressure Is an important 
determinant of the detrimental shape change that may 
occur afler transmural infarction. 
(J Am Call Cardiol1988;12:1318-25) 
One of the major detrimental consequences of acute myo- 
cardial infarction is the cardiac dilation that may occur. 
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infarct expansion, the regional thinning and dilation of the 
infarct zone, is the major shape change characterizing this 
cardiac remodeling; in humans it is associated with a poor 
clinical prognosis (l-4), including infarct rupture and aneu- 
rysm formation. Known determinants of infarct expansion 
are infarct size, the degree of infarct transmurality and the 
site of infarction (2J.6). A heart without a previous infarct is 
more susceptible to the shape change (7). A variety of 
inlerventions have been shown to promote expansion, in- 
cluding adminislration of corticosteroids (8) and indometh- 
acin (91, and other interventions, such as reperfusion (IO,1 I), 
to deter infarct expansion. Sotre studies have suggested that 
hemodynamic variables may also be important factors in 
dclermining shape alterations after myocardial infarction. 
a8dres\ for rem&: Harlan F. Weisman. MD. Division of Cardiology. 
Carnegie 568. The Johns Hopkinb Hobpilal, 601 Norlh Wolfe Street, BaIti- 
more. Maryland 21205. 
The purpose of this study was to examine the effect on the 
development of infarct expansion of long-term increases in 
afterload severe enough to produce left ventricular hyper- 
01988 by the American College of Cardiology 0735-1097188/S3.50 
JACC Vol. 12, No. 5 NOLAN ET AL. 
November 1988.111125 INCHF GEL/ J\FFF.RI.O~.D AWiRAVATES EXPANSION 
1319 
trophy, with the hypolhesls that infarct expansion might be 
aggravated in the presence of increased ventricuiar load and 
left ventricular hynertrophy. The banded rat aortic ster,~;ls 
model was chosen as a pure mechanical means of increasing 
ventricular load and wall stress. thus eliminating some of the 
variables associated with pharmacologic or genetic models 
of hypertension or nutritional anemia? that might indepcn- 
dently affect infarct evolution. Another concern in this stud;, 
was independendy assessing the effect of increased left 
ventricular cavity pressure and early left vent;ica!ar hypcr- 
trophy on infarct size as such because the latter is a factor 
that influences infarct expansion. 
Methods 
Animal model. Female Sp:ague-Hawley rats weighing 
200 to 250 g were anesthetized with 35 mg/kg body weight 
intraperitoneal sodium methohexital 2nd were given 959 
oxygen and 5% carbon dioxide by poGtive pressure ventila- 
tion. They were randomized to aortic bending or sham 
operation after a left thoracolomy in the third interspace. 
Half of the animals were randomly chosen to have a 0.559 
mm stainless steel aortic band (Week Instruments, hemo- 
static clip) placed around the proximal ascending aorta. The 
chest was closed with a 4-O silk purse-string suture and 
100,000 U of benzathine penicillin was administered intra- 
muscularly. The rats were awake within IS to 30 min and 
were maintained on standard rat chow for 3 weeks. All rats 
underwent a second thoracotomy in the fourth intercostal 
space and pericardiectomy to expose the heart. In a second 
randomization the rats underwent either left coronary artery 
ligation or a sham operation. The chest was closed and 
prophylactic antibiotics were given as before. 
The doable randomization provided fwr grotrps for data 
analysis: a control group (sham group), a group with aortic 
banding alone (band group), a third group with only coronary 
artery ligation (infarct group), and a fourth group with aortic 
banding and coronary ligation (band/infarct group). 
PreparaUon of hearts post mortem, Seven days after 
coronary ligation and 28 days after the initial operation. the 
animals were killed by excision of the heart after anesthesia 
was induced with intraperitoneal methohexital. The hearts 
were submerged in iced saline solution. The ascending aorta 
was cannulated above the aortic valve with polyethylene 
tubing and hung on a gravity flow perfusion apparatus. The 
hearts were vented with icnestrated polyethylene tubing 
inserted into the lefi ventricle through an incision in the left 
atria1 appendage+ They were then perfused retrograde from 
the aorta with heparinized Kreb+Henseleit bicarbonate 
buffer solution at 37°C so that they would beat sponlane- 
ously against IO mm Hg pressure. When the coronary sinus 
effluent was dear of blood (30 to 60 s). the heatis were 
arrested in diastole with a cold buffered cardioplegic solution 
composed of 30 mlCl potassium chloride and I20 rnb1 sodium 
chloride. Finally, the hearts were perfusion Rxed for 20 min 
with 35 cold buffered glutaraidehyde. They were kept in 
ghuardldehyde for 48 h and then sliced transversely parallel 
to the ittriuveniricular groove into four sections. The sec- 
lions \\erp embedded in par&n and 5 pm slices were 
prepared from each section and stained with hematoxylin- 
eosin. 
Estimation of pressure gradient across the aortic band. An 
additional group of 10 rats (7 with aortic bands and 3 control 
rats:) wc.“e prepared in a similar fashion and used to estimate 
the pressure gradient across the aortic valve achieved by the 
bhnding method. Three weeks after banding or a sham 
operation. the animal was anesthetized with 3.6% chloral 
hydr:lte tl ml/l00 g body weight). After tracheostomy. the 
rat v:as ventilated on room air with use of a Hzrvard 
respirator. The right carotid artery was isolated and cannu- 
lated with it 3F Millar Mikrotip catheter. The heart was then 
exposed through a left thoracotcmy in the fifth intercostal 
space. The left ventricle was punct&red with a 22 gauge 
Teflon intravascular catheter. A 3F Millar Mikrotip catheter 
was introduced in a saline column to the hub of the IefI 
ventricular catheter. Simultaneous left ventricular and as- 
cending aorta pressures were obtained and recorded on a 
four channel Gould chart recorder. The gradient across the 
aortic band Was defined as the difference between the peak 
left ventricular pressure and the peak aortic pressure. 
Topographic and structural data analysis. For each heart. 
left ventricular cavity volume. total left ventricular myocar- 
dial volume. infarct volume and septal volume were deter- 
mined by serial reconstruction of integrated cross-sectional 
areas of the histologic sections. The histologic sections were 
projected at a magnification of x7 onto a digitizing tablet 
interfaced with a Zeiss Videoplan image analysis microcom- 
puter. The left ventricular epicardial and endocardial con- 
tours were traced. The infarct zone and the noninfarct zone 
were dilineated and the cross-sectional areas and volumes 
were calculated. 
Detailed structural evaluation was performed on the 
second and third section down from the base of the heart 
because Innsmural necrosis and slructural alterations of 
expansion were most severe in these sections. In addition to 
overall increased cavitiy size, expansion was defined by 
disproportionate thinning of the infarct zone. These mea- 
surcments were made as follows: left and right ventricular 
centers of mass were determined for each section by contin- 
uously tracing the left and right ventricular endocardial 
contours onto a digitizing tablet (Fig. IA). The center of 
mass was calculated by computer algorithm as the mean x 
and y coordinates of all points within the digitized contour. 
A radian connecting the right ventricular and left ventricular 
centers of mass defined the midseptum. A radian was drawn 
from the left ventricular center of mass to the epicardial 
surface 11 the thinnest part of the infarct region. Infarct wall 
thickness was measured along this radian. In sham-operated 
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Figure 1. A. Diagram df a typical heart with an infarct. Radian I 
connects left and right ventricular centers of mass. Radian 2 
connects left ventricular center of mass through the thinnest part of 
the infard area. Infarct area is stippled; 0 is the angle between the 
radians. B, Diagram of a typical heart without an infarct. Radian I 
estimate of left ventricular myocardial volume at the time of 
infarction in the infarct group. Because, at the beginning of 
the experiment, rats were randomized from a pool of rats of 
similar age, gender and weight, we assumed that the average 
left ventricular muscle volume in the sham group was a 
reasonable estimate of left ventricular muscle volume in 
iedividus! animals in the infarct group. 
Because the noninfarct myocardial volume at death was 
probably dtfferent from that at the time of infarction, we 
additionally made an adjustment for postinfarction hypertro- 
phy. The adjustment for hypertrophy in the infarct hearts 
was derived as follows: at death, noninfarcted myocardium 
was defined as having two components-the noninfarcted 
myocardial volume present at the time of coronary artery 
Iigation and the additional myocardial vofume resulting from 
postinfarction hypertrophy. Because the septum is spared 
with left main coronary ligation in the rat and the septum 
comprises most of the noninfarcted myocardium and should 
exhibit the same magnitude of postinfarction hypertrophy as 
other noninfarcted myocardium, we used the increase in 
connects left and right ventricular centers of mass. The mean 
rotational angle, 13, is determined from the infarct groups and is used 
septal mass in the infarct hearts as an index of hypertrophy 
todefine Radian 2 in the equivalent region for the noninfarct groups. related to infarction. Thus, by correcting noninfarcted myo- 
cardial volume of each heart at the time of induced death for 
the degree of compensatory hypertrophy, an initial nonin- 
rats the equivalent area was measured alorg a radian drawn farcted myocardial volume at the time of coronary occlusion 
from the left ventricular center of gravity at a rotational was estimated (NIMi,il). In this method, myocardizl hyper- 
angle from the midseptal radian comparable with the average trophy is thus indexed using the ratio of septal area for each 
location of the thinnest region in infarct hearts (Fig. I B). The heart in the sham groups (SA,,,,,) to the mean septal area of 
average infarct wall thickness was defined as the mean of the 
thinnest infarct locus and the two radians on either side 
the comparable infarct group (SAi”r). After correction for 
separated from the central radian by 22.5”. The margins of 
infarct-induced hypertrophy. infarct size is expressed as a 
the septum were defined by lines drawn between the corners 
percent of mean sham left ventricular myocardial volume 
of the right and left ventricular cavity. 
(f-V ,,,& of the appropriate noninfarct group; i.e., nonin- 
Estimating infarct size and postinfarction hypertrophy. 
farct myocardiat volume of the group with coronary ligation 
Usual experimental methods for estimating infarct size ex- 
alone is compared with the left ventricular myocardial 
press infarct scar area or infarct segment length as a percent 
volume of the sham group, and noninfarct myocardial vol- 
of left ventricular myocardia! volume for each animal. In- 
ume of the group with banding and coronary ligation is 
farct size therefore would be underestimated with decreasing compared with the total left ventricular myocardial volume 
infarct mass during scar formation and with hypertrophy of in the group with banding alone. Myocardial infarct (Ml) size 
noninfarcted myocardium and overestimated with increasing expressed as a percent of original left ventricular myocardial 
endocardial segment length caused by infarct expansion, To volume is 100% minus the initial noninfarcted myocardial 
estimate initial infarct size we modified a previously reported volume, To summarize, since 
technique (12,13). using the ratio of the remote noninfarcted 
ventricular myocardial volume of an animal with infarction, SA 
adjusted by an index of hypertrophy. to the total average left 
rhum NMmt -5- 
ventricular myocardial volume of age-matched animals with- S&r 
NIMtnr ’ 
out infarction. This ratio, subtracted from I, provides an then 
estimated infarct volume as a fraction of total left ventricular 
myocardial volume. Use of the noninfarct myocardial vol- NIMi”il = SAIhdm * NIMt”r 
ume, rather than the infarct volume, in the numerator of the S&r 
ratio adjusts for the effect of infarct resorption over time. 
Average left ventricular myocardial volume of the appropri- MI size = 100 * 
ate sham group is used in the denominator as the best 
(l-2). 
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Figure 2. A. Tm-werse xction of a 
sham-operated rat heart. B. Transverse 
section of a heart from a ral with aortic 
banding showing increased wall thick- 
ness and septal area 
By subtracting the estimated initial noninfarctcd myocardial 
volume (NIMi,il) from the noninfarcted myocardial volume 
measured at induced death. the volume of infarct-induced 
hypertrophy can he estimated. 
Statistical analysis. Exploratory graphic methods and 
confirmatory analyses were used to examine the data ( 14). 
Student’s unpaired t test was used to compare infarct Gze in 
the two infarct groups and to compare the aortic gradient in 
the two noninfarct groups. Two-way analysis of variance 
was used to compare wall thickness and cavity size mea- 
surements among the four groups and to demonstrate the 
differences between groups due to infarction alone. aortic 
ban&g alone and the interactive effects of banding and 
infarction. In this statistical model there was a two level 
intervention factor (band/no band) and a Iwo level infarction 
factor (infarctionino infarction). Chi-square analysis was 
used to evaluate mortality data. The resultc are presented as 
the mean values 2 SEM. Graphic display of data using 
empiric quantile-quantile plots is shown to conhey iflforma- 
tion about differences in data distribution (IS). The Kolmo- 
gorovdmimov two sample test and the Wilcoxon rank \urn 
test were used to test differences in data distribution. 4 
two-taiied p value <O.OS was considered stalistically sipnif- 
icant. 
Results 
Experimental groups. Forty rats were initially random- 
ized to aortic banding (n = 20) or a sham operation (n = 20). 
Survival after the first operation was ItlO%. At 3 weeks. the 
animals were further randomized to coronary ligation (n - 
30) or a sham operalion (n = 101. Mortality after the second 
operation was 0% in the sham group, 0% in the band group. 
27% in the infarct group and 13% in the hand/infarct group Ip 
= NS). One heart with a rmall (<I%+), nontran.imural 
infarct and no infarct etpan\ion \v;I\ not included in Ihe 
statistical analysis. Coronary ligalion wa4 \ucce4L;ful in 
producing myocardial necrosis in all survivors of the proce- 
dure. 
Effects of aortic banding. In the band group. left ventric- 
ular hypcrtrophy \vas present a\ measured by left ventricular 
wall thickness (2.61 2 0.12 versus 2.25 * 0.10 mm). p < 
0.05) and SCpIitl area (9.70 2 0. IO versus 6. I5 f 0.80 mm’, p 
< O.01) when compared with the sham group. Figure 2 
compare5 transverse sections of a sham-operated rat and a 
rat with aortic banding at 3 weeks after operation and shows 
increased wall thickness and 5eptal area in the heart with 
banding. A gradient of 20.7 -C 4.9 mm Hg was measured 
across the aortic band at 3 weeks in the seven instrumented 
animals with an aortic band alone compared with a gradient 
of X0 2 I.7 mm Hg in the control group without an aortic 
hand (p < 0.001). 
Infarct size, Infdrct size estimated by the traditional 
volume percent method was 38.8 -e 3.8% in the group with 
coronary ligation alone and 27.8 ? 2.5% in the group with 
aortic handing and coronary ligation (p = 0.025). Mean 
in~u-ct site. adjusted for preexisting and infarct-induced 
myocardial hypertrophy, however. was 4S.S f 4.2% in the 
group with coronary ligation alone and 47.9 -C 3.1% in the 
group with coronary ligation and aortic banding (p = 0.652). 
Infarct expansion. Two variables were used to assess the 
extent of mfarct expansion: infarct wall thinning and left 
ventricular cavity volume. By each of these measures. 
infarct cvpansion was greater in the group with coronary 
ligation and aortic banding than in the group with aortic 
handing ;done (Fig. 3). Two-way analysis of variance dem- 
onstrated that both aortic banding and coronary ligation had 
a <ignificant effect on regional wall thickness. Coronary 
ligation alone resulted in Ggnificant infarct wall thinning 
(1.37 c 0.09 mm) compared with wall dimensions in the 
\ham-operated hear& (2.25 f 0.10 mm) (p < 0.001). How- 
cvct-. the direction of the effect of the nortic band was 
determined hy the presence of myocardial infarction. In the 
hearth with aortic banding alone. wall thickness was in- 
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creased (2.61 f 0.12 mm) compared with that in sham- 
operated hearts (p < 0.05) and, in the hearts with aortic 
banding and myocardial infarction, infarct wall thickness 
war decreased (I .09 2 0.05 mm) compared with that seen 
with infxction alone (p = 0.02). 
T/w ~I@YCIIL’C.S itt htu distrihtrliotts for ittfrrrct IW// 
tllickmvs between the two control and two infarct groups are 
graphically illustrated in Fig 4A. Both infarct groups had 
significantly thinner walls than did the control animals. 
Additionahy. infarct walls were thinner in the group with 
aortic banding before coronary ligation than in the group 
with coronary ligation alone. The lowest value in the band/ 
infarct group was less than the lowest value in the infarct 
group, and the highest value in the band/infarct group was 
also less than the highest value in the infarct group. This 
relation was true for each intervening value. 
lxlf wt~tricdar (wily vu/rrrnes were also significanlly 
increased after coronary ligation in both infarct groups when 
compared with volumes in the two groups without infarction 
(p < 0.001). Left ventricular cavity volumes were further 
increased in the group with aortic banding before myocardial 
infarction (150.72 + 18.6 mm”) compared with volumes in 
the group with myocardial infarction alone (121.35 -C 17.3 
mm3, p = 0.05). However, the effects of aortic banding and 
coronary ligation were independent of one another; i.e., 
there was no significant interactive effect. 
Figuw 4B illrrstrtrtes /he diffmwccs irr drrtcr distrihrrtiorrs 
for kft rvntriwlor. cwity ~vh~~~~s between the control rats 
and the two infarct groups. Rats with infarction had a Iarger 
cavity volume than did rats without infarction. As with wal1 
thickness, when ranked from lowest to highest values, cavity 
volumes were greater in the group with aortic banding and 
coronary ligation than in the group with coronary ligation 
alone. 
infarct-induced hypertrophy, With use of the ratio of the 
mean sham septal area to the septal area of each infarct 
Figure 3. A, Transverse section of a 
heart from a rat with coronary ligation 
aIone showing infarct thinning and cavity 
dilation, i.e.. infarct expansion. B. 
Transverse section of a heart from a rat 
with am-tic banding and coronary ligation 
showing more severe infarct expansion. 
Arrows in each heart delineate infarct 
area. 
Figure 4. Empirical quantile-quantile plots of data for (A) infarct 
thickness and (B) cavity volume. The plots are constructed by 
ranking the data from each group from the smallest value 10 the 
highest value. The ranked values are called quantiles. The quantiles 
from the two noninfarct groups (controls) have been combined into 
one distribution and are plotted on the x axis and the quanliles of 
controls and the two infarct groups are plotted on the y axa. 
Because noninfarct quantiles are plotted on both axes, they form the 
line y = x. Differences between the distributions of the Iwo infarct 
groups and the control group are apparent by their departures from 
this line, The Kologorov-Smimov test and the Wilcoxon rank sum 
test (p value in parentheses) were used to test the significance of 
these differences. Band = aortic band without coronary ligation: 
Band/Ml = aortic band and coronary Ligation: MI =i coronary 
ligation without aortic band: Sham = no aortic band and no 
coronary ligation. 
A CONTROL WALL TIIICKNESS (mm) 
204 
40 50 6Q io 80 
B CONTROL CAVllY VOLUME (mm3) 
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heart, the initial noninfarcted myocardial volume was esti- 
mated. By subtracting the initial noninfarcted volume from 
the total noninfarcted myocardial volume measured at in- 
duced death, the volume of infarct-induced hypertrophy can 
be estimated and expressed as a percent of the final nonin- 
farct myocardial volume. A significant 13.1% increase in 
noninfarct volume (123.06 ? 56.05 mm31 occurred after 
coronary ligation in the group with coronary ligation alone (p 
< 0.05). However, in the group with aortic banding and 
coronary ligation, a 6.3% increase in postinfarction ma>s did 
not reach statistical significance (p < 0. IO). 
Discussion 
Effects of ventricular load on the development of infarct 
expansion. Early after acute transmural myocardial infarc- 
tion, shape changes occur in the left ventricle characterized 
by dilation and thinning of the infarct segment (1.16). Nu- 
merous studies (17-19) have now demonstrated that infarct 
expansion is responsible for both the early and late ventric- 
ular dilation after myocardial infarction. and that the latter is 
associated with increased morbidity and mortality. There are 
many determinants of infarct expansion; among the most 
important appear to be infarct size and transmunlity, with a 
large tr;rr;smural infarct developing greater expansion (6.7). 
Several animal studies (13.20) have shown, however, that 
beyond a threshold level of infarct size of about IO to 15% of 
left ventricular mass. the correlation between size of infarc- 
tion and severity of expansion decreases. This has led to the 
conclusion that factors other than infarct size may be impor- 
tant in determining the extent of the cardiac remodeling that 
occurs after infarction. 
A mqior fuctor determining injbct e.vpnnsiun is likely to 
be the waB, stress imposed on the damaged and weakened 
muscle wall. Some studies have suggested this mechanism. 
In a study of afterload reduction with nitroglycerin in a 
canine model of acute myocardial infarction, Jugdutt (21) 
reported decreased infarct expansion. Flaherty et al. (22) 
described less cardiac dilation in humans after myocardial 
infarction treated with intraaortic balloon counterpulsation 
and nitroglycerin to reduce load on the left ventricle. Further 
evidence that infarct expansion can be ameliorated by after- 
load-reducing agents was provided by Gottlieb et al. (23). 
who found that the incidence and extent of expansion could 
be reduced by the administration of oral nifedipine beginning 
on the day of infarction and continued for IO days after 
infarction. 1Pfeffer et al. (24) showed that rats given captopril 
for 3 months after myocardial infarction have less ventricu- 
lar dilation and a better survival rate than do untreated rats 
with an infarct of similar size. 
short-term reversible expansion by increasing diastolic 
length of an ischemic segment. In an autopsy study, 
Schuster and Bulkley (2) found a correlation between infarct 
expansion ard cardiac rupture and, in those patients that had 
expansion and rupture. there was a higher incidence of a 
history of systemic hypertension. In another autopsy study, 
Christensen et al. (26) also showed a correlation between 
hypertension and cardiac rupture. There is evidence also 
that increased afterload due to hypertension is detrimental to 
patients with acute infarction. For example, morbidity and 
mortality are increased after infarction in patients with 
hypertensive left ventricular hypertrophy (27.28). Several 
mechanisms have been proposed to explain this. including 
an increased infarct size (29-393. but one alternative might 
be that infarct expansion is aggravated. 
Etiects of ventricular load on infarct size and hypertrophy. 
The findings of this study of combined aortic banding and 
myocardial infarction in the rat model clearly show that 
increased afterload is associated with more severe infarct 
expansion. A major issue in this study. however. was to be 
sure that the effect of afterload was independent of infarct 
size. Infarct size is a critical variable in many experimental 
protocols. Accuracy of its estimation is important in deter- 
mining eficacy of therapy and interventions designed to 
salvage myocardium after myocardial infarction. The effect 
of a given intervention on infarct size must be differentiated 
from other effects. including its effect on infarct expansion_ 
A stm&rd method of estirmraritrg infarct size is to express 
the volume or mass of the infarct at induced death as a 
percent of the total left ventricular volume or mass at that 
time. By this method, the band/infarct animals had a smaller 
infarct (27%) when compared with those without a band 
(37%)+ The latter suggests that the relation between infarct 
size and infarct expansion becomes steeper in the setting of 
increased load, i.e., smaller infarcts get proportionately 
greater expansion. This estimate, however, measures infarct 
size at the time of induced death, not at the time of coronary 
occlusion, when expansion first develops. Thus, we believed 
it was essential to also make an estimate of initial infarct size 
to determine whether, initially, infarcts were not larger in the 
aortic band group, with subsequent hypertrophy obscuring 
the differences and leading to a major underestimation of 
original infarct size. Indeed, initial infarct size appeared 
underestimated in both infarct groups when we corrected for 
infarct-induced hypertrophy, which increases the volume of 
surviving myocardium. and for infarct scar formation, which 
decreases infarct volume over time. 
The eflecr of incrrusrd locut WI tku 1uf1 vemiclr on tiw 
der~elopmcnt of infwcr expclnsion, kowever, is less well 
studied. Nicklas et al. (25). using isolated perfused dog 
hearts, showed that augmentation of systolic load increased 
Postinfarction hypertrophy. This stuc, showed that hy- 
pertrophy of noninfarcted myocardium occurred in response 
to myocardial infarction. Infarct-induced hypertrophy has 
previously been shown to occur in animal models of myo- 
cardial infarction by increase in total myocyte volume in the 
noninfarcted myocardium (40,4t). We estimated the degree 
of infarct-induced hypertrophy in our experiment by mor- 
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phologic analysis and used the alimatlon to more accu~tely 
measure original infarct siLe. as a percent of the original left 
ventricular mass. independent of resorption of necrotic 
myocardium. expansion of the infarct segment or hypertro- 
phy of noninfarcted myocardium. Anversa et al. (421 also 
recognired the importance of topographic remodeling of the 
left ventrirle after myocardial infarction as a Source of error 
when using traditional methods of infarct siLe eslimation. 
Their method incorporates the change in density of myocyle 
nuclei to index the extent of infarct-induced hypertrophy, 
and thereby allows accurate eslimation of infarct siLe. Our 
method uses standard topographic measurements and is 
based on gross measures of myocardial volumes. Our 
method may also be clinically applicable in longitudinal 
studies that use noninvasive techniques to define cross- 
sectional areas of the myocardium because changes in the 
infarct and noninfarct regions caused by expansion and 
postinfarction hypertrophy could be abbessed in the same 
patient by serial studies. 
Study limitations. As previously noted. the results of a 
variety of therapeutic trials and experimental studies have 
suggested that systolic load is an important variable in 
determining the extent of int:drct expansion. Our data pro- 
vide direct support to the notion that increases in ventricular 
load predispose to greater int:drct expansion. We were able 
IO confirm in this model both increased myocardial mass as 
well as increased afterload in the animals with aortic band- 
ing. Although infarct expansion was present in both infarct 
groups, it wa5 greatest in the group with banding and 
infarction. This model did not allow us to separate the 
systolic afterloud effects of the aortic bund on the left 
ventricle from the etkct~ of left ventricular hypertrophy 
alone on the development of infarct expansion. Increased 
left ventricular diastolic pressure accompanying left ventric- 
ular hypertruphy or the increased systolic “strength” of 
hypertrophied myocardium even without increased cavity 
pressure might promote infarct expan5ion. Aliern~tively. 
however. decreased ventricular compliance. which occur5 
with hypertrophy, might be protective against the develop- 
ment of expan4un after niyocardial infarction. This suppo- 
sition is suggested by Yirolo et ul. (7). who observed less 
infarct expansion in hearts with hypertrophy at autopsy but, 
in the tatter study. hypertrophy was likely to have been more 
severe and more chronic. These ditferenr possibilities re- 
quire further sludy in a model of expansion in which the 
effects of preexisting hypcrtrophy and increused afterload 
can be dissociated. This wu5 not possible in our model 
because removal of the aortic band at the time of coronary 
ligation would result in rapid regrcasion of left ventricular 
hypertrophy in addition to elimination of alterload stress 
(43). I1 should also be pointed oul rhirt the etfects of 
relatively acute aortic banding on the left ventricle of the rat 
may not be comparable with the effects of chrunic arterial 
hypertension on the left ventricle in humans. 
Conclusions. Our results show that hearts with increased 
afterload and elevdted left ventricular pressure caused by 
aortic banding before myocardial infarction have greater 
infarct expansion. as defined by increased wall thinning and 
increased cavity voiumes compared with hearts with myo- 
cardial infarction alone. Moreover, the aggravation of infarct 
expansion occurred independently of infarct size. These 
experimental findings suggest that modification of ventricu- 
lar had early in the course of an acute myocardial infarction. 
particularly when it is pathologically elevated, would be 
beneficial and likely improve short- and long-term prognosis 
by decreasing the degree of infarct expansion. The study 
also shows that infarct-induced hypertrophy occurs. and an 
estimation of infarct-induced hypertrophy is essential to 
accurately assess the initial volume of infarcted myocardium 
independently of the brructural remodeling of the left ven- 
tricle that occurs after myocardial infarction. 
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